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57 ABSTRACT

A method and device for multiview distributed video coding
with adaptive syndrome bit rate control are disclosed. In one
embodiment, multiple groups, including video frames com-
ing from associated digital cameras, are formed. Further,
video frames coming from a predetermined number of the
digital cameras are declared as key video frames. Further-
more, video frames coming from remaining digital cameras
are declared as non-key video frames. In addition, the key
video frames are encoded to obtain encoded bits. Moreover,
the non-key video frames are encoded to obtain syndrome
bits. Also, the encoded key video frames are decoded, to
obtain decoded bits and the encoded non-key video frames
are decoded, to obtain decoded bits and CRC bits. Further, an
optimal number of syndrome bits in each non-key video
frame are determined. Furthermore, the encoded bits and
determined optimal number of syndrome bits are sent to
multiple receivers.

28 Claims, 10 Drawing Sheets

MDVC ENCODER 308

GROUP 310
PREDICTIVE
VIDEO

vipeo | [ERCODER312A1 ][I synDROME
FranEs-2| | [WZ ENCODER BITS
VIDEC , S14A1

FRAMES? H SYNDROME

v WZ ENCODER BITS
314AN

VIDEO
[FRAMES-V]

VIDEO
FRAMES-

PREDICTIVE
VIDEO
ENCODER 31242

VIDEO —_——
FRAMES GROUP 3108

Vi1 PREDICTIVE

TRANSMITTER 304

RECEIVER 306

PREDICTIVE
VIDEO
DECODER

ENCODER 31281

WZ ENCODER
314B1

MODULE 316 MUX 318

SYNDROME BIT
RATE CONTROL |II TRANSPORT H

DIGITAL
CAMERA
302A

WZ ENCODER
314BN
DiGTAL | | FRAMES PREDICTIVE

CAMERA ] VIDEO
302N ENCODER 31262

VIDEO

r

VIDEO =
FRAMES GROUP 310N
NV PREDIGTIVE
— VIDEO
ENCODER 312N1

'WZ ENCODER
314N1
H SYNDROME
WZ ENCODER BITS
314NN

r3

SYNDROME
BITS

VIDEO
FRAMES PREDICTIVE
Ny VIDEO
ENCODER 312N2

™ a2ea1
T T VIDEO
v FRAMES -(X-V)
TRANSPORT [~ p| DECODER =
MODULATOR DEMUX & 320A1 FRAMES ) _ TO
SELECTOR /™ DispLAY
324 20
wz VIDEO
DECODER FRAMES -X
328AN
|
PREDICTIVE
Lw] vibeo

DECODER
326A2

320 P |" SROWP
= 32 SELECTOR l T :
|

> 300



U.S. Patent Jul. 21, 2015 Sheet 1 of 10 US 9,088,778 B2

FORM MULTIPLE GROUPS BASED ON A PREDETERMINED CRITERIA e~ 102

v

DECLARE VIDEC FRAMES COMING FROM A PREDETERMINED NUMBER OF
MULTIPLE DIGITAL CAMERAS IN EACH GROUP AS KEY VIDEO FRAMES

y

DECLARE VIDEC FRAMES COMING FROM REMAINING MULTIPLE DIGITAL
CAMERAS IN EACH GROUP AS NON-KEY VIDEO FRAMES

v

ENCODE THE KEY VIDEO FRAMES IN EACH GROUP TO OBTAIN ASSOCIATED
ENCODED BITS

v

ENCODE THE NON-KEY VIDEO FRAMES IN EACH GROUP TO OBTAIN
ASSOCIATED SYNDROME BITS

v

DECODE THE ENCODED KEY VIDEO FRAMES IN EACH GROUP AND DECODE THE
ENCODED NON-KEY VIDEO FRAMES IN EACH GROUP

v

DETERMINE AN OPTIMAL NUMBER OF SYNDROME BITS ~— 114

Y

SEND ENCODED BITS OF KEY VIDEO FRAMES AND DETERMINED OPTIMAL
NUMBER OF SYNDROME BITS —~—116

v

DECODE THE ENCODED KEY VIDEC FRAMES IN A USER SELECTED GROUP ~—118

~— 104

—~ 106

~— 108

~—110

~— 112

DECODE THE ENCODED NON-KEY VIDEO FRAMES IN THE USER SELECTED

GROUP ~—120
CHOOSE USER SELECTED VIDEO FRAMES IN THE USER SELECTED GROUP FOR
VIEWING —~— 122

‘\100
FIG. 1



U.S.

Patent Jul. 21, 2015

Sheet 2 of 10

US 9,088,778 B2

FORM MULTIPLE GROUPS OF VIDEOC FRAMES BASED ON
A PREDETERMINED CRITERIA

ARBITRATE AND SELECT A GROUP
CORRESPONDING TO KEY VIDEO FRAMES

A

Y =202

ENCODE KEY VIDEO FRAMES USING PREDICTIVE VIDEC

+ =210

DECODE THE SELECTED KEY VIDEQ FRAMES

| ENCODING AND NON-KEY VIDEO FRAMES USING WZ USING PREDICTIVE VIDEO DECODERS
ENCODING —
| ¥ = )
| [ SPLIT SYNDROMES BITS OF EACH BIT-PLANE OF NON- R e D SELECT AN XY e
| | KEY VIDEO FRAMES INTO PREDETERMINED SMALLER VIO TN B D THE SELES =D [
CHUNKS FOR SYNDROME BIT RATE ADAPTIVELY KEY VIDEO FRAMES OF THE GROUP
I 1] < + ~ 214
206
I ASSIGN ONE CHUNK OF SYNDROME BIT FOR DECODE A BIT-PLANE IN THE SELECTED |~ 216
| TRANSMISSION OF NON-KEY VIDEO FRAMES AND NON-KEY VIDEO FRAME WITH MINIMUM
| | TRANSFER ALL THE SYNDROME BITS TO WZ DECODER OR INCREASED SYNDROME BITS, USING
DECODED KEY VIDEO FRAMES AND 3
I 708 PREVIOUSLY DECODED NON-KEY VIDEO
FRAMES IF ANY
| SEND ENCODED BITS OF KEY VIDEO FRAMES AND
| NORMALIZED OPTIMAL NUMBER OF SYNDROME BITS OF —
EACH NON-KEY VIDEO FRAME TO MULTIPLE RECEIVERS
I ALLOCATE
<% SYNDROME BITS TO
I NEXT HIGHER LEVEL
| SHOULD BY ADDING ANOTHER
MORE VIDEO . CHUNK OF
| FRAMES BE SYNDROME BITS
| IRANSMITTED <
?
- IS THE WZ
e e e o —_——_
=5 DECODING NO
RECEIVE THE ENCODED BITS AND NORMALIZED OPTIMAL UCCESSFULZ
.| NUMBER OF SYNDROME BITS OF KEY AND NON-KEY VIDEO 218
FRAMES, RESPECTIVELY, OF ALL THE GROUPS AT
RECEIVERS
] 242 RECORD DETERMINED OPTIMAL NUMBER
SELECT VIDEO FRAMES FOR DISPLAY BY A USER OF SYNDROME BITS
¥ N~ 044 * N 222

CHOOSE A GROUP INCLUDING THE USER SELECTED
VIDEO FRAMES FOR DECODING

* - 246

DECODE ALL THE VIDEO FRAMES IN THE CHOSEN
GROUP USING PREDICTIVE VIDEGC DECODERS AND WZ
DECODERS

* =248

SELECT THE USER CHOSEN VIDEC FRAMES FROM ALL
THE DECODED VIDEOD FRAMES IN THE SELECTED
GROUP AND DIRECT TO A DISPLAY UNIT

N~ 250

252

ISIT
THE LAST SET OF
VIDEC FRAMES
RECEIVED FCR ALL
THE VIDEC FRAMES

SUM THE DETERMINED OPTIMAL NUMBER

OF SYNDROME BITS OF THE BIT-PLANES

224

BIT-PLANE OF
SELECTED VIDEQ,

NO

THE LAST
GROUPZ

YES

NORMALIZE THE DETERMINED OPTIMAL NUMBER OF
SYNDROME BITS OF ALL THE NON-KEY VIDEO FRMAES

END 254

* w237

USE THE NORMALIZED OPTIMAL NUMBER OF
SYNDROME BITS AND ENCODED BITS OF KEY VIDEC
FRAMES FOR FURTHER TRANSMISSION

- 234

‘\ 200

FIG. 2



US 9,088,778 B2

Sheet 3 of 10

Jul. 21, 2015

U.S. Patent

! ZNZIE ¥3A0ON3
o3dIA
_ IAILDIOTNd
[ NNVLE 1] o3ain
_ sLa l mmooo.zu zm | .
JNOYANAS : :
I INTIE |
_ sua | REElleINER/N
awodanas ||[TNzre 93a0oN3
o3a —
_ _ IALLOIAINd AN
AT T4 NOLE dNOYD SINVHS
¥30023a : 03dIA
o3ain _ :
3AILDIATNd Zdche Y43A0ONT A_.. NZoE
1 I _ o3aIA — VHIAVD
— 3ALLOIgTEd ST WLIDIAa
X- SANYYA H30004a NEIZ5 |1 oaan .
03aIA o _ H3Q0ONT ZMm [ :
- 13 p— YYYY VY _m_w:o, : :
: — — — Sic 1 - VZ0E
AVidsid  fyolo3713s L HOLO313S ] = ._.. 0zt | EFExnn A. ole IINAOW A._. H300ONT ZM VIO
oL SaANVHA dnNO¥o aow3a || doLvinaow || LHOdSNvAL | gl TOMINOO 31vH | WLUDId
o3I TVeZE B XNW3A 119 INOYANAS |« TacTe ¥3a0oN3
¥30093a A_ 1HOdSNVHL _ 232 4 A o3aA -
IAILDIATHd +
(AX)- STINVHA M |m_2mm_aomo SNV
o3aA 1 | _ o3ain
TVozE ZvZre 9300ON3
¥30093a o3ain ~
O3dIA _ JAILLOIATHd A wm_m__\m__u/mm
3AILOIATYd —— _
slig Y3IA0ONT ZM — A
ANOHANAS : $SANVA
TVPLE ©_o3ain
_ slig Y3IA0ONT ZM Z-STNvNS
JNCHANAS lvZlE ¥300DNS odaiA
o3ain —
JALLOIQINd L-SINYNA
0¢ "3AI303H ¥OE YL LIWSNYHL VOLE dNOMD 03aA
_ BOT YIAOONI OAAN




US 9,088,778 B2

Sheet 4 of 10

Jul. 21, 2015

U.S. Patent

00 ~ ¥ Ol
80% 31NAON 30% 31NAOW __ Z0v SNV
sLig
SnoNaNAS <]  ONIJOD 0daT [ ONIYIAHO | z%wwm_mmmua 3INAON [+— o3aiA
IAILAYAY LYY ANV Id-LIg 100 ATI-NON




US 9,088,778 B2

Sheet 5 of 10

Jul. 21, 2015

U.S. Patent

91¢ J m G_m
« 505 . SdNo¥9 1V
SIANVYHS . H3LIGHY . m_m%_w_/_\,_é“_
O3AIN A3A . SINVYHS .
dosua = O3AIN A3X w_f.m__/w“w_m_uwtm_
A3A0ONT < -
oz<_ %wmw d3A0DN3

v Y

g90¢% ¥300o3d V0% ¥30023d

O3dIA O3alIA
JAILOIQTNd JAILOIQ3Yd
[ L |
205 < L « SdNO¥S 1V
he 506 y3L1gyy . 00S ., 40 S3anvi4
B u SANVYYHS . | ¥0o10313s . O3AIA
HIZITYIWHON | ¥3Q003Q |-
N 2 OJAIN ATV |« slig —— ATIM-NON
-NON aNV | JNOYANAS 40 sli9
_ dnoyo [* ; < JNOYANAS
JANVAE4 O3AIA

S3NVH4 O3dIA
AIHN-NON 40
S11d FNOHANAS

AIN-NON H3d 31vd 119

A A A




US 9,088,778 B2

Sheet 6 of 10

Jul. 21, 2015

U.S. Patent

¥0S
Y

9 'Old

HIZITYWSON
ALV,
OL3INVd

909 NOILV10dYILNI je——0ov S¥3d0030
JAILOIQTNd
IVYHOdWIL
A3YVHS, NOY4
A3LVYSNIdWNOD STNYHS OIAIA
l—
NOILOW A3M a30003a
\ / \
<09 009 HOLVYO0 1V
¥09 100 |, NOILONYLSNOOIN | 21y ANY
ISHIANI ANV NOILVYZILNYND %30033d 54
ISHIANI

-l19d3d
31vd 119
JNOHANAS

31198V
S3NVYA

O3AIN ASX-NON
ANV dNOYO,
INOY4 STV
O3AIA AIM
-NON d3105313S
40 s1id
JNOHANAS




U.S. Patent Jul. 21, 2015 Sheet 7 of 10 US 9,088,778 B2

702 704 706 708
/ { { {
GROUP F\QES SS BIT-PLANE NSI\ZEIIQAR"A\IC_)F
NUMBER NUMBER NUMBER SYNDROME
BITS
1 2 1 1
1 2 2 1
1 2 3 1
1 2 1
1 2 P 1
1 1
1 V-1 1 1
1 1
1 V-1 P 1
1
1
G 2 1 1
G 2 2 1
G 2 3 1
G 2 1
G 2 P 1
G 1
G V-1 1 1
G 1
G V-1 P 1




US 9,088,778 B2

Sheet 8 of 10

Jul. 21, 2015

U.S. Patent

008
TN

8 Old

SEIR4S 31V AIMOTIVY S3alvy
WAWININ \j Jovaany — @ g3a¥0DaY -
HIGINNN INVId-LIg
9 ¥ Z
1 1 1

9l

(SUNNHD
¥Z  NI)sllig
JNOHANAS

e

ov



US 9,088,778 B2

Sheet 9 of 10

Jul. 21, 2015

U.S. Patent

oom./A m G_H_

AoH13n ¥ AQOH13IW NOILVINILST | _ gm  _
TOYLNOD F1Vd d3S0d0dd J1vd 119 INOHANAS ONILSIX3 b

SdNOYS 40 Y39INNN

0z 8l 9l ¥l 4! Ol
_ _ _ _ 0

09

HOL10V4d ALIX31dWOO



US 9,088,778 B2

Sheet 10 of 10

Jul. 21, 2015

U.S. Patent

oooT/A o F mU_H_
AOHL13 NOILVYINILSE AOH13a -
31VY 119 INOYANAS ONILSIXT ~ V- TOHLNOD 31VY d3S0d0dd

0091

(sday) 31vd li9
0021 008 00V 0

| | | ‘ T4

— 8¢

— 0€

(gq)

| o UNSd

— V€

o¢



US 9,088,778 B2

1
METHOD AND SYSTEM FOR MULTIVIEW
DISTRIBUTED VIDEO CODING WITH
ADAPTIVE SYNDROME BIT RATE
CONTROL

Benefit is claimed under 35 U.S.C 119(a)-(d) to Indian
Application Serial Number 1316/CHE/2012 entitled
“METHOD AND SYSTEM FOR MULTIVIEW DISTRIB-
UTED VIDEO CODING WITH ADAPTIVE SYNDROME
BIT RATE CONTROL” filed on Apr. 2, 2012 by Wipro Lim-
ited.

TECHNICAL FIELD

Embodiments of the present subject matter relate to a mul-
tiview distributed video coding (MDVC). More particularly,
embodiments of the present subject matter relate to a MDVC
having adaptive syndrome bit rate control.

BACKGROUND

The advances in imaging and semiconductor technology
coupled with high-speed wireless transmissions are enabling
multiview acquisition using camera arrays. However, the big-
gest challenge with a multiview system (a system where
multiple cameras monitor the same scene from different
viewing positions) is handling huge amount of data obtained
from the multiple cameras, compressing them, and either
storing or transmitting, and yet being low cost by not demand-
ing too much computing power, energy and memory require-
ments. One of the main challenges with existing multiview
coding (MVC) standard is the requirement of inter-camera
communications for exploiting inter-view redundancies. This
significantly increases encoder complexity, encoding delay,
memory requirements and power at the encoders. Further,
MVC requires encoding all video frames and therefore,
requires more bit-rates or transmission bandwidth and dras-
tically increases encoding complexity.

The distributed video coding (DVC) which was originally
intended for monoview applications has been extended to
multiview applications. The monoview DVC works on
encoding only a few selected frames at an encoder of a trans-
mitter and by using interpolation or extrapolation techniques
at the decoder of a receiver to restore remaining frames.
Therefore, some of the DVC concepts have been applied to
MVC, as DVC is designed to achieve low complexity encoder
and to address the drawbacks of MVC. The key objective of
multiview distributed video coding (MDVC) is to efficiently
encode different video streams at the transmitter, by exploit-
ing the possible redundancies at the decoder of the receiver,
thus obtaining benefits inherent to DVC, such as lower encod-
ing complexity and embedded error resilience without need-
ing intercommunication between different cameras. The
MDVC achieves these objectives by encoding only few key
video frames using standard predictive coding methods at the
transmitter and sending to the decoder of the receiver and by
sending only a few optimal number of syndrome bits of
non-key video frames to the decoder of the receiver. In addi-
tion, the non-key video frame syndrome bits received are used
for correcting errors of interpolated or extrapolated non-key
video frames using the key video frames at the decoder of the
receiver.

One of the key challenges of MDVC is optimal rate at
which the syndrome bits need to be sent from the encoder of
the transmitter to the decoder of the receiver for non-key
video frames to achieve a required quality level. In existing
DVC techniques, typically, a feedback channel is deployed
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through which the decoder of the receiver does rate control,
which can be impractical in systems without feedback chan-
nel. Also, in other existing techniques, encoder/transmitter
based rate estimation is deployed, which estimates syndrome
bit rate using low-complex rate-estimation techniques. These
low-complex rate-estimation techniques at the encoder of the
transmitter may result in inaccuracies especially with fast
moving video sequences and may lead to very low quality
decoded video. In addition, these low-complex rate-estima-
tion techniques may have to be applied in parallel to every
non-key video frame, which may significantly increase over-
all encoder/transmitter complexity.

SUMMARY

A method and system for multiview distributed video cod-
ing (MDVC) with adaptive syndrome bit rate control are
disclosed. According to one aspect of the present subject
matter, multiple groups, including multiple captured video
frames coming from associated multiple digital cameras, are
formed based on a predetermined criteria by a transmitter.
Further, video frames coming from a predetermined number
of the multiple digital cameras in each group are declared as
key video frames by the transmitter. Furthermore, video
frames coming from remaining multiple digital cameras in
each group are declared as non-key video frames by the
transmitter. In addition, the key video frames in each group
are encoded using predictive video encoding to obtain asso-
ciated encoded bits by the transmitter. Also, the non-key
video frames in each group are encoded using Wyner-Ziv
(WZ) encoding to obtain associated syndrome bits by the
transmitter. The syndrome bits include parity bits and cyclic
redundancy check (CRC) bits.

Moreover, the encoded key video frames in each group are
decoded using predictive video decoding, to obtain associ-
ated decoded bits and the encoded non-key video frames in
each group are decoded using WZ decoding and the decoded
key video frames with iteratively increasing number of syn-
drome bits, to obtain associated decoded bits and CRC bits by
the transmitter. Further, an optimal number of syndrome bits
of'video frames in each non-key video frame in each group to
be sent to receivers are determined based on a successful WZ
decoding by the transmitter. Furthermore, the encoded bits of
key video frames and determined optimal number of syn-
drome bits of each non-key video frame in each group are sent
by the transmitter to multiple receivers.

In addition in this aspect of the present subject matter, the
encoded key video frames in a user selected group are
decoded using predictive video decoding by the receiver.
Also, the encoded non-key video frames in the user selected
group are decoded using WZ decoding and the decoded key
video frames with the determined optimal number of syn-
drome bits. The receiver estimates the non-key video frames
using interpolation or extrapolation of the key video frames
and performs error correction in the estimated non-key video
frames using the determined optimal number of syndrome
bits in the user selected group. Moreover, user selected video
frames in the user selected group, coming from an associated
decoding, are chosen for viewing.

According to another aspect of the present subject matter,
a system includes multiple digital cameras, a transmitter
coupled to the multiple digital cameras and one or more
receivers coupled to the transmitter. Further, the transmitter
includes a multiview distributed video coding (MDVC)
encoder and a syndrome bit rate control module. The MDVC
encoder further includes predictive video encoders and WZ
encoders for video frames coming from digital cameras in
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each group. Furthermore, each of the one or more receivers
includes predictive video decoders, WZ decoders and a video
frames selector coupled to the predictive video decoders and
the WZ decoders.

In one embodiment, the transmitter forms multiple groups,
including multiple captured video frames coming from asso-
ciated multiple digital cameras, based on a predetermined
criteria. Further, the transmitter declares video frames com-
ing from a predetermined number of the multiple digital
cameras in each group as key video frames. Furthermore, the
transmitter declares video frames coming from remaining
multiple digital cameras in each group as non-key video
frames.

In addition, the transmitter encodes the key video frames in
each group to obtain associated encoded bits using predictive
video encoder. Moreover, the transmitter encodes the non-key
video frames in each group to obtain associated syndrome
bits using WZ encoder. Further, the syndrome bit rate control
module decodes the encoded key video frames in each group
using associated predictive video decoders, to obtain associ-
ated decoded bits and decodes the encoded non-key video
frames in each group using associated WZ decoders and the
decoded key video frames with iteratively increasing number
of syndrome bits, to obtain associated decoded bits and CRC
bits. Furthermore, the syndrome bit rate control module
determines an optimal number of syndrome bits of video
frames in each non-key video frame in each group to be sent
to the one or more receivers based on a successful WZ decod-
ing. In addition, the transmitter sends encoded bits of key
video frames and the determined optimal number of syn-
drome bits of each non-key video frame in each group to the
one or more receivers.

Further in this embodiment, one of the one or more receiv-
ers decodes the encoded key video frames in a user selected
group using associated predictive video decoders. The one of
the one or more receivers decodes the encoded non-key video
frames in the user selected group using associated WZ, decod-
ers and the decoded key video frames with determined opti-
mal number of syndrome bits by estimating the non-key video
frames using interpolation or extrapolation of the key video
frames and performing error correction in the estimated non-
key video frames using determined optimal number of syn-
drome bits in the user selected group. Furthermore, the video
frames selector chooses user selected video frames in the user
selected group, coming from an associated decoding, for
viewing.

According to yet another aspect of the present subject
matter, a non-transitory computer-readable storage medium
for MDVC based on adaptive syndrome bit rate control, when
executed by a computing device, cause the computing device
to perform the method described above.

The system and method disclosed herein may be imple-
mented in any means for achieving various aspects. Other
features will be apparent from the accompanying drawings
and from the detailed description that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments are described herein with reference
to the drawings, wherein:

FIG. 1 illustrates a flowchart of a method for MDVC with
adaptive syndrome bit rate control, according to one embodi-
ment;

FIG. 2 illustrates another flowchart of a method for MDVC
with adaptive syndrome bit rate control, according to one
embodiment;
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FIG. 3 illustrates a block diagram including major compo-
nents of a system for adaptive syndrome bit rate control in
MDVC, according to one embodiment;

FIG. 4 illustrates a block diagram including major compo-
nents of a Wyner-Ziv (WZ) encoder, such as those shown in
FIG. 3, according to one embodiment;

FIG. 5 illustrates a block diagram including major compo-
nents of an adaptive syndrome bit rate control module, such as
the one shown in FIG. 3, according to one embodiment;

FIG. 6 illustrates a block diagram including major compo-
nents of a shared WZ decoder, such as the one shown in FIG.
5, according to one embodiment;

FIG. 7 illustrates a table including bit rates, allocated to
various incoming video frames associated with groups, main-
tained by a rate normalizer, such as those shown in FIG. 5,
according to one embodiment;

FIG. 8illustrates a graph allocated syndrome bit rates using
method and system shown in FIGS. 1 and 3, according to one
embodiment;

FIG. 9 illustrates exemplary comparison graphs of com-
plexity factor of syndrome bit rate estimation obtained using
an existing technique and method and system shown in FIGS.
1 and 3; and

FIG. 10 illustrates exemplary comparison graphs of bit rate
distortion obtained using an existing technique and method
and system shown in FIGS. 1 and 3.

The systems and methods disclosed herein may be imple-
mented in any means for achieving various aspects. Other
features will be apparent from the accompanying drawings
and from the detailed description that follow.

DETAILED DESCRIPTION

A method and system for multiview distributed video cod-
ing (MDVC) with adaptive syndrome bit rate control are
disclosed. In the following detailed description of the
embodiments of the present subject matter, references are
made to the accompanying drawings that form a part hereof,
and in which are shown by way of illustration specific
embodiments in which the present subject matter may be
practiced. These embodiments are described in sufficient
detail to enable those skilled in the art to practice the present
subject matter, and it is to be understood that other embodi-
ments may be utilized and that changes may be made without
departing from the scope of the present subject matter. The
following detailed description is, therefore, not to be taken in
alimiting sense, and the scope of the present subject matter is
defined by the appended claims.

The term “view” refers to a series of captured video frames
coming from a digital camera.

FIG. 1 illustrates a flowchart 100 of a method for MDVC
with adaptive syndrome bit rate control, according to one
embodiment. At block 102, multiple groups, including mul-
tiple captured video frames coming from associated multiple
digital cameras, are formed based on a predetermined criteria
by a transmitter. Exemplary predetermined criteria include
correlation between captured video frames based on substan-
tially similar objects viewed by the multiple digital cameras
and/or based on proximity of multiple digital cameras, com-
ing from the multiple digital cameras.

At block 104, video frames coming from a predetermined
number of the multiple digital cameras in each group are
declared as key video frames by the transmitter. For example,
the predetermined number is less than or equal to 2. At block
106, video frames coming from remaining multiple digital
cameras in each group are declared as non-key video frames
by the transmitter.
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At block 108, the key video frames in each group are
encoded using predictive video encoding to obtain associated
encoded bits by the transmitter. In this embodiment, the pre-
dictive video encoding is based on standard encoding tech-
niques, such as an advanced video coding (H.264), moving
picture experts group (MPEG)2, video codec(VC)1 and
codec developed by DivX, Inc. (DivX). At block 110, the
non-key video frames in each group are encoded using
Wyner-Ziv (WZ) encoding to obtain associated syndrome
bits by the transmitter. The syndrome bits include parity bits
and cyclic redundancy check (CRC) bits. For example, the
total number of syndrome bits depends on a frame resolution,
a block size used for transform and/or quantization param-
eters. In one embodiment, the WZ encoding includes block
based transform, quantization and/or rate adaptive channel
encoding. This is explained in more detail with reference to
FIG. 4.

Atblock 112, the encoded key video frames in each group
are decoded using predictive video decoding, to obtain asso-
ciated decoded bits and the encoded non-key video frames in
each group are decoded using WZ decoding and the decoded
key video frames. For example, the WZ decoding includes a
rate adaptive channel decoding, side information generation,
inverse quantization and/or inverse transform. This is
explained in more detail with reference to FIG. 6. In one
embodiment, one of the formed groups is selected and the
encoded key video frames in the selected group and the syn-
drome bits of one of the non-key video frames are selected
from the selected group by the transmitter. Further, the
encoded key video frames in the selected group are decoded
using predictive video decoding, to obtain associated
decoded bits and the selected encoded non-key video frames
in the selected group are decoded using WZ decoding and the
decoded key video frames with iteratively increasing number
of the syndrome bits, to obtain associated decoded bits and
CRC bits by the transmitter. This is explained in more detail
with reference to FIG. 5.

Atblock 114, an optimal number of syndrome bits of video
frames in each non-key video frame in each group to be sent
to receivers are determined based on a successful WZ decod-
ing by the transmitter. The successful WZ decoding includes
an iteration at which increasing the syndrome bits makes
hamming distance between syndrome bits and decoded bits to
be substantially 0 and CRC of encoded bits and decoded bits
to substantially match. This is explained in more detail with
reference to FIGS. 2 and 3. In one embodiment, the deter-
mined optimal number of syndrome bits of all the non-key
video frames of all the groups, are normalized, such that their
sum does not exceed available transmission bandwidth by the
transmitter. This is explained in more detail with reference to
FIG. 5.

At block 116, the encoded bits of key video frames and
determined optimal number of syndrome bits of each non-key
video frame in each group are sent to multiple receivers by the
transmitter. In one embodiment, the encoded bits of key video
frames and the normalized optimal number of syndrome bits
of each non-key video frame of each group are sent to the
multiple receivers by the transmitter. This is explained in
more detail with reference to FIG. 3.

At block 118, the encoded key video frames in a user
selected group are decoded using predictive video decoding
by the receiver. At block 120, the encoded non-key video
frames in the user selected group are decoded using WZ
decoding and the decoded key video frames with the deter-
mined optimal number of syndrome bits. The receiver esti-
mates the non-key video frames using interpolation or
extrapolation of the key video frames and performs error
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correction in the estimated non-key video frames using the
determined optimal number of syndrome bits in the user
selected group. At block 122, user selected video frames in
the user selected group, coming from an associated decoding,
are chosen for viewing. This is explained in more detail with
reference to FIG. 3.

Referring now to FIG. 2, another flowchart 200 illustrates
a method for MDVC with adaptive syndrome bit rate control,
according to one embodiment. At block 202, multiple groups
of' video frames are formed based on predetermined criteria.
In one embodiment, the multiple groups are formed using
multiple captured video frames coming from associated mul-
tiple digital cameras. Exemplary predetermined criteria
includes correlation between captured video frames based on
substantially similar objects viewed by the multiple digital
cameras and/or based on proximity of multiple digital cam-
eras, coming from multiple digital cameras. Further, video
frames coming from a predetermined number of the multiple
cameras in each group are declared as key video frames. For
example, the predetermined number is less than or equal to 2.
Furthermore, video frames coming from remaining multiple
digital cameras in each group are declared as non-key video
frames. This is explained in more detail with reference to FIG.
3.

At block 204, the key video frames in each group are
encoded using predictive video encoding and the non-key
video frames in each group are encoded using WZ encoding.
In one embodiment, the key video frames in each group are
encoded to obtain encoded bits. Further, the non-key video
frames in each group are encoded to obtain syndrome bits.
The syndrome bits include parity bits and CRC bits. This is
explained in more detail with reference to FIG. 3.

At block 206, the syndrome bits of each bit-plane of the
non-key video frames are split into predetermined smaller
chunks for syndrome bit rate adaptability. In one embodi-
ment, each non-key video frame includes multiple bit-plane.
Further, each bit-plane includes multiple syndrome bits. At
block 208, one chunk of syndrome bit is assigned for trans-
mission of the non-key video frames and all the syndrome bits
are transferred to a WZ decoder (e.g., a WZ decoder 504 of
FIG. 5). At block 210, a group corresponding to key video
frames is selected by arbitration. This is explained in more
detail with reference to FIG. 5.

At block 212, the selected key video frames are decoded
using predictive video decoders. At block 214, a non-key
video frame between the selected key video frames of the
group is selected by arbitration. At block 216, a bit-plane in
the selected non-key video frame is decoded with minimum
or increased syndrome bits using decoded key video frames
and previously decoded non-key video frames, if any, using
WZ decoding. This is explained in more detail with reference
to FIG. 5.

Atblock 218, it is determined whether the WZ decoding is
successful. At block 220, the syndrome bits are allocated to
next higher level by adding another chunk of syndrome bits,
if the WZ decoding is not successtul. Further, the process
steps are repeated from the block 216. At block 222, an
optimal number of syndrome bits are determined and
recorded, if the WZ decoding is successful. At block 224, the
determined number of syndrome bits of the bit-planes of the
non-key video frames is summed. This is explained in more
detail with reference to FIG. 5.

Atblock 226, it is determined whether it is the last bit-plane
of the selected non-key video frame. The process steps are
repeated from the block 216, if it is not the last bit-plane of the
selected non-key video frame. At block 228, it is determined
whether it is the last video frame of the selected group, if it is
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the last bit-plane of the selected non-key video frame. The
process steps are repeated from the block 214, if it is not the
last video frame of the selected group. At block 230, it is
determined whether it is the last group, if it is the last video
frame of the selected group. The process steps are repeated
from the block 210, if it is not the last group. At block 232, the
determined optimal number of syndrome bits of all the non-
key video frames is normalized, if it is the last group. This is
explained in more detail with reference to FIG. 5.

Atblock 234, the normalized optimal number of syndrome
bits and the encoded bits of key video frames are used for
further transmission. At block 236, encoded bits of the key
video frames and the normalized optimal number of syn-
drome bits of each non-key video frame are sent to multiple
receivers. At block 238, it is determined whether more video
frames should be transmitted. The process steps are repeated
from the block 204 if more video frames should be transmit-
ted. At block 240, the process ends if more video frames
should not be transmitted.

At block 242, the encoded bits and normalized optimal
number of syndrome bits of the key video frames and the
non-key video frames, respectively, of all the groups are
received at the multiple receivers. At block 244, video frames
are selected for display by a user. At block 246, a group
including the user selected video frames is selected for decod-
ing. At block 248, all the video frames in the chosen group are
decoded using predictive video decoders and WZ decoders.
At block 250, the user chosen video frames are selected form
all the decoded video frames in the selected group and
directed to a display unit. At block 252, it is determined
whether it is the last set of video frames received for all the
video frames of the selected groups. The process steps are
repeated from the block 242, if it is not the last set of video
frames received for all the video frames of the selected
groups. At block 254, the process ends if it is the last set of
video frames received for all the video frames of the selected
groups.

Referring now to FIG. 3, a block diagram 300 illustrates
major components of a system for adaptive syndrome bit rate
control in MDVC, according to one embodiment. As shown,
the system includes multiple digital cameras 302A-N, atrans-
mitter 304 and a receiver 306. Further as shown in FIG. 3, the
transmitter 304 includes MDVC encoder 308, a syndrome bit
rate control module 316, a transport multiplexer (mux) 318,
and a modulator 320. Furthermore as shown in FIG. 3, the
receiver 306 includes a demodulator (demod) 322, a transport
demultiplexer (demux) and group selector 324, predictive
video decoders 326A1 and 326 A2, WZ decoders 328 A1-AN
and a video frames selector 330.

In addition as shown in FIG. 3, the MDVC encoder 308
includes groups 310A-N. Moreover as shown in FIG. 3, each
of the groups 310A-N includes predictive video encoders
312A1-A2 to 312N1-N2, respectively. Also as shown in FIG.
3, each of the groups 310A-N includes WZ encoders 314A1-
AN to 314N1-NN, respectively.

Further as shown in FIG. 3, the digital cameras 302A-N are
coupled to the transmitter 304. In one embodiment, the digital
cameras 302A-N are coupled to the MDVC encoder 308.
Furthermore as shown in FIG. 3, the MDVC encoder 308 is
coupled to the syndrome bit rate control module 316. In
addition as shown in FIG. 3, the transport mux 318 is coupled
between the syndrome bit rate control module 316 and the
modulator 320. Also as shown in FIG. 3, the demodulator 322
is coupled between the modulator 320 and the transport
demux and group selector 324. Moreover as shown in FIG. 3,
the transport demux and group selector 324 is coupled to the
predictive video decoders 326A1-A2 and WZ decoders
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328A1-AN. The predictive video decoders 326A1-A2 and
WZ decoders 328A1-AN are further coupled to the video
frames selector 330.

In operation, the transmitter 304 forms multiple groups,
including multiple captured video frames coming from asso-
ciated digital cameras 302A-N, based on a predetermined
criteria. Exemplary predetermined criteria include correla-
tion between captured video frames based on substantially
similar objects viewed by the digital cameras 302A-N and/or
based on proximity of the digital cameras 302A-N. For
example, each group includes at least V video frames.

Further in operation, the video frames coming from each
group of digital cameras 302A-N is transmitted to an associ-
ated one of the groups 310A-N. In one embodiment, the
transmitter 304 declares video frames coming from a prede-
termined number of the digital cameras 302A-N in each of the
groups 310A-N as key video frames. The predetermined
number is less than or equal to 2. For example, in group 310A,
video frames -1 and video frames -V coming from associ-
ated digital cameras 302A-N are declared as the key video
frames. Further in this embodiment, the transmitter 304
declares video frames coming from remaining digital cam-
eras 302A-N in each of the groups 310A-N as non-key video
frames. For example, in group 310A, video frames -2 to
video frames V-1 coming from associated remaining digital
cameras 302A-N are declared as the non-key video frames.

Furthermore in operation, the MVDC encoder 308 encodes
the key video frames in each of the groups 310A-N using
associated predictive video encoders 312A1-A2 to 312N1-
N2 to obtain associated encoded bits. For example, the key
video frames in the group 310A, the video frames -1 and the
video frames -V, are encoded in the predictive video encoder
312A1 and the predictive video encoder 312A2, respectively.
In one embodiment, the predictive video encoders 312A1-A2
to 312N1-N2 are based on standard encoding techniques,
such as advanced video coding (H.264), moving picture
experts group (MPEG)2, video codec(VC)1 and codec devel-
oped by DivX, Inc. (DivX).

In addition in operation, the MDVC encoder 308 encodes
the non-key video frames in each of the groups 310A-N using
associated WZ encoders 314A1-AN to 314N1-NN to obtain
associated syndrome bits. The syndrome bits include parity
bits and CRC bits. For example, the non-key video frames in
the group 310A, the video frames -2 to the video frames
-V-1, are encoded in the WZ encoders 314A1-AN, respec-
tively. In one embodiment, the WZ encoders 314A1-NN
include block based transform, quantization and/or rate adap-
tive channel encoding. This is explained in more detail with
reference to FIG. 4.

Moreover in operation, the encoded bits of all the key video
frames of the groups 310A-N and the syndrome bits of all the
non-key video frames of the groups 310A-N are sent to the
syndrome bit rate control module 316. The syndrome bit rate
control module 316 decodes the encoded key video frames of
the groups 310A-N using predictive video decoders (e.g.,
predictive video decoders 506 A and 506B of F1G. 5) to obtain
associated decoded bits. Further, the syndrome bit rate con-
trol module 316 decodes the encoded non-key video frames
of the groups 310A-N using a WZ decoder (e.g., a WZ
decoder 504 of FIG. 5) and the decoded key video frames with
iteratively increasing number of syndrome bits to obtain asso-
ciated decoded bits and CRC bits. Also in operation, an opti-
mal number of syndrome bits of video frames in each non-key
video frame in each of the groups 310A-N are determined
based on a successtul WZ decoding by the syndrome bit rate
control module 316. In one embodiment, the successful WZ
decoding includes an iteration at which increasing the syn-
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drome bits makes hamming distance between syndrome bits
and decoded bits to be substantially 0 and CRC of encoded
bits and decoded bits to substantially match. This is explained
in more detail with reference to FIGS. 2 and 5.

Further in operation, the determined optimal number of
syndrome bits of all the non-key video frames is normalized,
such that their sum does not exceed available transmission
bandwidth. This is explained in more detail with reference to
FIG. 5. Furthermore in operation, the encoded bits of each key
video frame and the normalized optimal number of syndrome
bits of each non-key video frame in each of the groups
310A-N are sent to the receiver 306 via the transport mux 318
and the modulator 320. In one embodiment, the transport mux
318 time division multiplexes the encoded bits of each key
video frame and the normalized optimal number of syndrome
bits of each non-key video frame of all the groups 310A-N to
form transport streams. Further, the modulator 320 modulates
the formed transport streams and outputs the modulated
transport streams to the receiver 306 via a wired or wireless
network.

In addition in operation, in the receiver 306, the demux 322
extracts the transport streams from the received modulated
transport streams. Moreover, a user selects video frames for
displaying on a display unit. Further, a group including the
user selected video frames is selected by the transport demux
and group selector 324. Furthermore, the receiver 306
decodes the encoded key video frames in the user selected
group using the predictive video decoders 326 A1 and 326 A2.
In addition, the encoded non-key video frames in the user
selected group is decoded using the WZ decoders 328A1-AN
and the decoded key video frames with the normalized opti-
mal number of syndrome bits. In one embodiment, the
receiver 306 estimates the non-key video frames using inter-
polation or extrapolation of the key video frames and per-
forms error correction in the estimated non-key video frames
using the determined optimal number of syndrome bits in the
user selected group. Also, the video frames selector 330
chooses video frames in the user selected group for viewing.
This is explained in more detail with reference to FIG. 2.

Referring now to FIG. 4, a block diagram illustrates major
components of a WZ encoder 400, such as those shown in
FIG. 3, according to one embodiment. The WZ encoders
314A1-AN to 314N1-NN, shown in FIG. 3, have similar
components as shown in the WZ encoder 400. As shown, the
WZ encoder 400 includes a discrete cosine transform (DCT)
module 402, a quantization module 404, a bit-plane ordering
module 406 and a rate adaptive low density parity check
(LDPC) coding module 408. Further as shown in FIG. 4, the
DCT module 402 is coupled to the quantization module 404.
Furthermore as shown in FIG. 4, the bit-plane ordering mod-
ule 406 is coupled between the quantization module 404 and
the rate adaptive LDPC coding module 408.

In operation, each incoming non-key video frame is parti-
tioned into predetermined block sizes. Further, DCT is
applied on each block in the DCT module 402. Furthermore,
each block is quantized to predetermined levels in the quan-
tization module 404. In addition, bit-planes are formed by
combining bits in each block of same significance. Also,
LDPC codes are applied to each bit-plane in the rate adaptive
LDPC coding module 408. For example, the total number of
bit-planes per non-key video frame depends on the number of
quantization levels. The total number of syndrome bits gen-
erated per non-key video frame depends on factors, such as
non-key video frame resolution, block size used by the DCT
module 402 and quantization parameters. The total number of
syndrome bits generated per bit-plane is computed as:
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Total syndrome bits per bit-plane=(number of pixels
per line*number of lines per frame)/number of
pixels in each transformed block

Referring now to FIG. 5, a block diagram illustrates major
components of the syndrome bit rate control module 316,
such as the one shown in FIG. 3, according to one embodi-
ment. As shown, the syndrome bit rate control module 316
includes a syndrome bits selector 500, a group and non-key
video frames arbiter 502, a WZ decoder 504, predictive video
decoders 506A and 506B, a group and key video frames
arbiter 508 and a rate normalizer 510.

Further as shown in FIG. 5, the syndrome bits selector 500
is coupled to the group and non-key video frames arbiter 502.
Furthermore, the group and non-key video frames arbiter 502
is coupled to the WZ decoder 504. In addition, the WZ
decoder 504 is coupled to the predictive video decoders 506 A
and 506B and the rate normalizer 510. Also, the predictive
video decoders 506 A and 5068 are coupled to the group and
key video frames arbiter 508.

In operation, the syndrome bit rate control module 316
receives syndrome bits of all the non-key video frames of all
the groups 310A-N, shown in FIG. 3, and the encoded bits of
all the key video frames of all the groups 310A-N. Particu-
larly, the syndrome bits selector 500 receives the syndrome
bits of all the non-key video frames of all groups 310A-N and
the group and key video frames arbiter 508 receives the
encoded bits of all the key video frames.

Further in operation, the syndrome bits selector 500 sends
the syndrome bits of all the non-key video frames of all the
groups 310A-N to the group and non-key video frames arbiter
502. The group and non-key video frames arbiter 502 arbi-
trates among the non-key video frames, in a round robin
fashion, starting from a predetermined non-key video frame.
Furthermore, the group and non-key video frames arbiter 502
sends the syndrome bits of a selected non-key video frame to
the WZ decoder 504. In addition in operation, the group and
key video frames arbiter 508 arbitrates among the key video
frames, in a round robin fashion, starting from two key video
frames corresponding to predetermined non-key video
frames. Also in operation, the group and key video frames
arbiter 508 outputs encoded bits of selected two key video
frames to the predictive video decoders 506 A and 506B. For
example, considering group 310A with the video frames -1 to
the video frames -V, as shown in FIG. 3, the group and
non-key video frame arbiter 502 outputs all the syndrome bits
corresponding to the video frames -2 to video frames -V -1,
sequentially. Further, the group and key video frame arbiter
508 outputs encoded bits corresponding to the video frames
-1 and video frames -V.

Furthermore in operation, the predictive video decoders
506A and 506B decodes the encoded bits of all the key video
frames and routes the decoded key video frames to the WZ
decoder 504. In addition in operation, the WZ decoder 504
estimates the non-key video frames using the decoded key
video frames and previously decoded non-key video frames.
For example, the WZ decoder 504 uses motion compensated
temporal interpolation method for the estimation of the non-
key video frames. Also, the WZ decoder 504 determines the
optimal number of syndrome bits for each non-key video
frame based on a successful WZ decoding. This is explained
in more detail with reference to FIG. 6.

Moreover in operation, the rate normalizer 510 receives the
determined optimal number of syndrome bits for each non-
key video frame. Further, the rate normalizer 510 maintains a
table including the determined optimal number of syndrome
bits for each of the non-key video frames. This is explained in
more detail with reference to FIG. 7. In one embodiment, the
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rate normalizer 510 receives the determined optimal number
of syndrome bits for all the bit-planes in a non-key video
frame in one frame time. Therefore, the time required to
obtain the determined optimal number of syndrome bits for
all the non-key video frames in the groups 310A-N is given
by:

Time=(V-2)*G

wherein, V is the number of video frames in each group and
G is the number of groups.

In addition in operation, after the determined optimal num-
ber of syndrome bits for all the non-key video frames in the
groups 310A-N is obtained by the rate normalizer 510, the
determined optimal number of syndrome bits for all the non-
key video frames is normalized. In one embodiment, the
determined optimal number of syndrome bits for all the non-
key video frames are normalized, such that their sum does not
exceed available transmission bandwidth. If the normalized
optimal number of syndrome bits for all the non-key video
frames exceeds the available transmission bandwidth, then
the syndrome bits for some or all the non-key video frames
will be linearly scaled down.

Moreover in operation, the normalized optimal number of
syndrome bits for all the non-key video frames is sent to the
syndrome bits selector 500. The syndrome bits selector 500
then sends the encoded bits of the key video frames and the
optimal number of syndrome bits for each non-key video
frame to the receiver 306.

Referring now to FIG. 6, a block diagram illustrates major
components of the WZ decoder 504, such as the one shown in
FIG. 5, according to one embodiment. As shown, the WZ
decoder 504 includes a LDPC decoder and rate allocator 600,
an inverse quantization and reconstruction 602, inverse DCT
604 and a motion compensated temporal interpolation 606.
Further as shown in FIG. 6, the LDPC decoder and rate
allocator 600 is coupled to the inverse quantization and recon-
struction 602 and the motion compensated temporal interpo-
lation 606. Furthermore as shown in FIG. 6, the inverse quan-
tization and reconstruction 602 is coupled to the motion
compensated temporal interpolation 606 and the inverse DCT
604.

In operation, the LDPC decoder and rate allocator 600
receives syndrome bits of selected non-key video frames
from the group and non-key video frames arbiter 502, shown
in FIG. 5. Further, the LDPC decoder and rate allocator 600
iteratively decodes each bit-plane in the selected non-key
video frames using estimated non-key video frames and pre-
viously decoded bit-planes, if any. Initially, the LDPC
decoder decodes the non-key video frames with lowest num-
ber of syndrome bits (for example, one chunk of syndrome
bits). Further, the rate allocator checks if the decoded bit-
plane is of the desired quality using the algorithm:

Fori=l1to G
For j=2 to V-1
Fork=1to P
Forl=1to R
{ LDPC decode
If (hamming distance = 0 and CRC match)
Allocated syndrome bits= 1}

wherein, P is the number of bit-planes per video frame and
R is the bit rate in terms of number of chunks per bit-plane.

In the above algorithm, it is determined whether the
decoded bit-plane is of the desired quality. In one embodi-
ment, the decoded bit-plane is of the desired quality when
hamming distance between syndrome bits and decoded bits to
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be substantially 0 and CRC of encoded bits and decoded bits
substantially match. Further, if the decoded bit-plane is not of
the desired quality then the rate allocator indicates the LDPC
decoder to decode using an additional chunk of syndrome
bits. Furthermore, the optimal number of syndrome bits with
which the decoding is successful is recorded by the rate
normalizer 510, shown in FIG. 5. This is explained in detail
with reference to FIGS. 5 and 7.

Referring now to FIG. 7, a table 700 includes optimal
number of syndrome bits, allocated to various incoming non-
key video frames associated with groups, maintained by arate
normalizer, such as those shown in FIG. 5, according to one
embodiment. As shown in the table 700, column 702 includes
the group number. Further, column 704 includes the video
frames number. Furthermore, column 706 includes the bit-
plane number. In addition, column 708 includes the deter-
mined optimal number of syndrome bits for each bit-plane.
For example, the first row in the table 700 indicates the
optimal number of syndrome bits for bit-plane 1 in video
frames 2 in group 1 as 1.

Referring now to FIG. 8, a graph 800 illustrates allocated
syndrome bit rates using method and system shown in FIGS.
1 and 3, according to one embodiment. As shown in the graph
800, x-axis indicates the bit-plane number and y-axis indi-
cates the syndrome bits in chunks. Further as shown in the
graph 800, 802 indicates the recorded optimal number of
syndrome bits for each bit-plane. Furthermore as shown in the
graph 800, 804 indicates average allowable optimal syn-
drome bits for each bit-plane. In addition as shown in the
graph 800, 806 indicates minimum syndrome bits for each
bit-plane.

Referring now to FIG. 9, exemplary comparison graph 900
illustrates complexity factor of syndrome bit rate estimation
obtained using an existing technique and method and system
shown in FIGS. 1 and 3. As shown in the graph 900, x-axis
indicates complexity factor and y-axis indicates number of
groups. Further as shown in the graph 900, 902 indicates the
complexity factor in terms of C,x using the existing syn-
drome bit rate estimation method. Furthermore as shown in
the graph 900, 904 indicates the complexity factor in terms of
complexity of predictive video encoder (Cp) using the syn-
drome bit rate estimation method described with reference to
FIGS. 1 and 3.

Referring now to FIG. 10, exemplary comparison graph
100 illustrates bit rate distortion obtained using an existing
technique and method and system shown in FIGS. 1 and 3. As
shown in the graph 1000, x-axis indicates total syndrome bit
rate of a group in Kbps and y-axis indicates average peak
signal to noise ratio (PSNR) in dB. Further as shown in the
graph 1000, 1002 indicates the PSNR obtained using the
syndrome bit rate estimation method described with refer-
ence to FIGS. 1 and 3. Furthermore as shown in the graph
1000, 1004 indicates the PSNR obtained using the existing
syndrome bit rate estimation method. At a given bit-rate, the
PSNR obtained using the syndrome bit rate estimation
method described with reference to FIGS. 1and 3 isup to 2.4
dB better than the PSNR obtained using the existing syn-
drome bit rate estimation method.

In various embodiments, systems and methods described
with reference to FIGS. 1 through 10 propose adaptive syn-
drome bit rate control in MDVC. Further, the syndrome bit
rate control module is used by all the key video frames and the
non-key video frames, sequentially, thereby reducing the
complexity of the MDVC encoder. Furthermore, no feedback
channel is required between the encoders and decoders which
further reduces the complexity of the MDVC encoder. In
addition, the syndrome bit rate control module is based on
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actual decoding at the transmitter which results in accurate
rate estimates and better decoded video quality.

Although certain methods, systems, apparatus, and articles
of manufacture have been described herein, the scope of
coverage of this patent is not limited thereto. To the contrary,
this patent covers all methods, apparatus, and articles of
manufacture fairly falling within the scope of the appended
claims either literally or under the doctrine of equivalents.

What is claimed is:

1. A method for adaptive syndrome bit rate control in
multiview distributed video coding (MDVC), comprising:

forming multiple groups, including multiple captured

video frames coming from associated multiple digital
cameras, based on predetermined criteria by a transmit-
ter;

declaring video frames coming from a predetermined num-

ber of the multiple digital cameras in each group as key
video frames by the transmitter;

declaring video frames coming from remaining multiple

digital cameras in each group as non-key video frames
by the transmitter;

encoding the key video frames in each group to obtain

associated encoded bits using predictive video encoding
by the transmitter;

encoding the non-key video frames in each group to obtain

associated syndrome bits using Wyner-Ziv (WZ) encod-
ing by the transmitter, wherein the syndrome bits
include parity bits and cyclic redundancy check (CRC)
bits;

decoding the encoded key video frames in each group

using predictive video decoding, to obtain associated
decoded bits and decoding the encoded non-key video
frames in each group using WZ decoding and the
decoded key video frames with iteratively increasing
number of syndrome bits, to obtain associated decoded
bits and the CRC bits by the transmitter;

determining an optimal number of syndrome bits of video

frames in each non-key video frame in each group to be
sent to receivers based on a successful WZ decoding by
the transmitter; and

sending encoded bits of key video frames and determined

optimal number of syndrome bits of each non-key video
frame in each group by the transmitter to multiple
receivers.
2. The method of claim 1, wherein the successful WZ
decoding comprises an iteration at which increasing the syn-
drome bits makes hamming distance between syndrome bits
and decoded bits to be substantially 0 and CRC of encoded
bits and decoded bits to substantially match.
3. The method of claim 1, further comprising:
decoding the encoded key video frames in a user selected
group using predictive video decoding by the receiver;

decoding the encoded non-key video frames in the user
selected group using WZ decoding and the decoded key
video frames with the determined optimal number of
syndrome bits comprises estimating non-key video
frames using interpolation or extrapolation of the key
video frames and performing error correction in the
estimated non-key video frames using the determined
optimal number of syndrome bits in the user selected
group by the receiver; and

choosing user selected video frames in the user selected

group, coming from an associated decoding, for view-
ing.

4. The method of claim 1, wherein decoding the encoded
key video frames in each group using predictive video decod-
ing, to obtain associated decoded bits and decoding the
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encoded non-key video frames in each group using WZ
decoding and the decoded key video frames with iteratively
increasing number of syndrome bits, to obtain associated
decoded bits and CRC bits by the transmitter comprises:
selecting one of the formed groups, selecting the encoded
key video frames in the selected group and selecting the
syndrome bits of one of the non-key video frames from
the selected group by the transmitter;

decoding the encoded key video frames in the selected
group using predictive video decoding, to obtain asso-
ciated decoded bits and decoding the selected encoded
non-key video frames in the selected group using WZ
decoding and the decoded key video frames with itera-
tively increasing number of the syndrome bits, to obtain
associated decoded bits and CRC bits by the transmitter.

5. The method of claim 1, wherein determining the optimal
number of syndrome bits of video frames in each non-key
video frame in each group based on a successful WZ decod-
ing by the transmitter further comprises:

normalizing the determined optimal number of syndrome
bits of all the non-key video frames of all the groups,
such that their sum does not exceed available transmis-
sion bandwidth by the transmitter.

6. The method of claim 1, wherein sending normalized

optimal number of syndrome bits comprises:

sending encoded bits of key video frames and the normal-
ized optimal number of syndrome bits of each non-key
video frame of each group by the transmitter to the
multiple receivers.

7. The method of claim 1, wherein, in forming, the prede-
termined criteria comprises correlation between captured
video frames based on substantially similar objects viewed by
the multiple digital cameras and/or based on proximity of
multiple digital cameras, coming from multiple digital cam-
eras.

8. The method of claim 1, wherein predictive video encod-
ing is based on standard encoding techniques selected from
the group consisting of advanced video coding (H.264), mov-
ing picture experts group (MPEG)2, video codec(VC)1 and
codec developed by DivX, Inc. (DivX).

9. The method of claim 1, wherein the predetermined num-
ber is less than or equal to 2.

10. The method of claim 1, wherein in encoding the non-
key video frames, the total number of syndrome bits depends
on a frame resolution, a block size used for transform and/or
quantization parameters.

11. The method of claim 1, wherein WZ encoding includes
block based transform, quantization and/or rate adaptive
channel encoding.

12. The method of claim 1, wherein WZ decoding includes
a rate adaptive channel decoding, side information genera-
tion, inverse quantization and/or inverse transform.

13. A system, comprising:

multiple digital cameras, wherein each digital camera out-
putting associated captured video frames;

a transmitter coupled to the multiple digital cameras,
wherein the transmitter includes a multiview distributed
video coding (MDVC) encoder and a syndrome bit rate
control module, wherein the MDVC encoder includes
predictive video encoders and WZ encoders for video
frames coming from digital cameras in each group; and

one or more receivers coupled to the transmitter, wherein
the transmitter forms multiple groups, including mul-
tiple captured video frames coming from associated
multiple digital cameras, based on a predetermined cri-
teria, wherein the transmitter declares video frames
coming from a predetermined number of the multiple
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digital cameras in each group as key video frames,
wherein the transmitter declares video frames coming
from remaining multiple digital cameras in each group
as non-key video frames, wherein the transmitter
encodes the key video frames in each group to obtain
associated encoded bits using predictive video encoder,
wherein the transmitter encodes the non-key video
frames in each group to obtain associated syndrome bits
using WZ encoder, wherein the syndrome bit rate con-
trol module decodes the encoded key video frames in
each group using associated predictive video decoders,
to obtain associated decoded bits and decodes the
encoded non-key video frames in each group using asso-
ciated WZ decoders and the decoded key video frames
with iteratively increasing number of syndrome bits, to
obtain associated decoded bits and CRC bits, wherein
the syndrome bit rate control module determines an
optimal number of syndrome bits of video frames in
each non-key video frame in each group to be sent to the
one or more receivers based on a successful WZ decod-
ing, and wherein the transmitter sends encoded bits of
key video frames and the determined optimal number of
syndrome bits of each non-key video frame in each
group to the one or more receivers.

14. The system of claim 13, wherein, in determining the
optimal number of syndrome bits, the syndrome bit rate con-
trol module is operable to iteratively increase the syndrome
bits making hamming distance between syndrome bits and
decoded bits to be substantially 0 and CRC of encoded bits
and decoded bits to substantially match.

15. The system of claim 13, wherein each of the one or
more receivers further comprises:

predictive video decoders;

WZ decoders coupled to the predictive video decoders; and

a video frames selector coupled to the predictive video

decoders and the WZ decoders, wherein one of the one
or more receivers decodes the encoded key video frames
in a user selected group using associated predictive
video decoders, wherein the one of the one or more
receivers decodes the encoded non-key video frames in
the user selected group using associated WZ decoders
and the decoded key video frames with determined opti-
mal number of syndrome bits by estimating non-key
video frames using interpolation or extrapolation of the
key video frames and performing error correction in the
estimated non-key video frames using determined opti-
mal number of syndrome bits in the user selected group
by the receiver, and wherein the video frames selector
chooses a user selected video frames in the user selected
group, coming from an associated decoding, for view-
ing.

16. The system of claim 13, wherein the syndrome bit rate
control module is further operable to:

select one of the formed groups, select the encoded key

video frames among the selected group and select the
syndrome bits of one of the non-key video frames from
the selected group; and

decode the encoded key video frames in the selected group

using a predictive video decoder, to obtain associated
decoded bits and decode the selected encoded non-key
video frames in the selected group using a WZ decoder
and the decoded key video frames with iteratively
increasing number of the syndrome bits, to obtain asso-
ciated decoded bits and CRC bits.

17. The system of claim 13, wherein the syndrome bit rate
control module is further operable to:
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normalize the determined optimal number of syndrome
bits of all the non-key video frames of all the groups,
such that their sum does not exceed available transmis-
sion bandwidth by the transmitter.

18. The system of claim 13, wherein the syndrome bit rate
control module is further operable to:

send encoded bits of key video frames and the normalized

optimal number of syndrome bits of each non-key video
frame of each group to the multiple receivers.
19. The system of claim 13, wherein the predetermined
criteria comprises correlation between captured video frames
based on substantially similar objects viewed by the multiple
digital cameras and/or based on proximity of multiple digital
cameras, coming from multiple digital cameras.
20. The system of claim 13, wherein the predictive video
encoders are based on standard encoding techniques selected
from the group consisting of advanced video coding (H.264),
moving picture experts group (MPEG)2, video codec(VC)1
and codec developed by DivX, Inc. (DivX).
21. The system of claim 13, wherein syndrome bits com-
prises parity bits and CRC bits.
22. The system of claim 13, wherein the predetermined
number is less than or equal to 2.
23. The system of claim 13, wherein in encoding the non-
key video frames, the total number of syndrome bits depends
on a frame resolution, a block size used for transform and/or
quantization parameters.
24. The system of claim 13, wherein the WZ encoders are
based on block based transform, quantization and/or rate
adaptive channel encoding.
25. The system of claim 15, wherein the WZ decoders
include a rate adaptive channel decoding, side information
generation, inverse quantization and/or inverse transform.
26. A non-transitory computer-readable storage medium
for multiview distributed video coding based on adaptive
syndrome bit rate control, when executed by a computing
device, cause the computing device to:
form multiple groups, including multiple captured video
frames coming from associated multiple digital cam-
eras, based on a predetermined criteria by a transmitter;

declare video frames coming from a predetermined num-
ber of the multiple digital cameras in each group as key
video frames by the transmitter;

declare video frames coming from remaining multiple

digital cameras in each group as non-key video frames
by the transmitter;

encode the key video frames in each group to obtain asso-

ciated encoded bits using predictive video encoding by
the transmitter;
encode the non-key video frames in each group to obtain
associated syndrome bits using Wyner-Ziv (WZ) encod-
ing by the transmitter, wherein the syndrome bits
include parity bits and cyclic redundancy check (CRC)
bits;
decode the encoded key video frames in each group using
predictive video decoding, to obtain associated decoded
bits and decode the encoded non-key video frames in
each group using WZ decoding and the decoded key
video frames with iteratively increasing number of syn-
drome bits, to obtain associated decoded bits and the
CRC bits by the transmitter;

determine an optimal number of syndrome bits of video
frames in each non-key video frame in each group to be
sent to receivers based on a successful WZ decoding by
the transmitter; and
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send encoded bits of key video frames and determined
optimal number of syndrome bits of each non-key video
frame in each group by the transmitter to multiple
receivers.
27. The non-transitory computer-readable storage medium
of claim 26, wherein the successful WZ decoding comprises
an iteration at which increasing the syndrome bits makes
hamming distance between syndrome bits and decoded bits to
be substantially 0 and CRC of encoded bits and decoded bits
to substantially match.
28. The non-transitory computer-readable storage medium
of claim 26, further comprising:
decoding the encoded key video frames in a user selected
group using predictive video decoding by the receiver;

decoding the encoded non-key video frames in the user
selected group using WZ decoding and the decoded key
video frames with the determined optimal number of
syndrome bits comprises estimating non-key video
frames using interpolation or extrapolation of the key
video frames and performing error correction in the
estimated non-key video frames using the determined
optimal number of syndrome bits in the user selected
group by the receiver; and

choosing a user selected video frames in the user selected

group, coming from an associated decoding, for view-
ing.
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